Abstract. Preliminary measurements are reported on the azimuthal single-spin asymmetries of exclusive ρ 0 and π + mesons for a transversely polarized hydrogen target at HERMES using the 27.6 GeV HERA lepton beam. Within the generalized parton distribution (GPD) formalism, hard exclusive vector meson production is sensitive to GPDs H and E, while pseudo-scalar meson production is sensitive to GPDs H and E. The extracted sin(φ − φ s ) azimuthal amplitude of the transverse target-spin asymmetry is compared to theoretical calculations based on GPD models.
INTRODUCTION
Hard exclusive meson production in deep-inelastic lepton scattering provides access to the unknown generalized parton distributions (GPDs) of the nucleon [1, 2] . For such reactions, it has been shown that for longitudinal virtual photons, the γ * p amplitude can be factorized into a hard lepton-scattering part and two soft parts which parameterize the structure of the nucleon by GPDs and the structure of the produced meson by a distribution amplitude [3] . Hard exclusive vector meson production is sensitive to both quark and gluon GPDs H q,g and E q,g , while pseudo-scalar meson production is sensitive to quark GPDs H q and E q . For exclusive ρ 0 production there is no kinematic suppression of gluon GPDs, since gluons and quarks contribute at the same order of α s [4] . At the intermediate energies of HERMES, both contributions were shown [4] to be comparable.
In the case of a transversely polarized target, the interplay between GPDs H q,g and E q,g for exclusive ρ 0 production and between GPDs H q and E q for exclusive π + production was shown [5] to lead to a cross section asymmetry with respect to the transverse target polarization. The transverse target-spin asymmetries depend linearly on the helicity non-flip distributions H q and helicity-flip distributions E q,g with no kinematic suppression of their contribution with respect to the GPDs E q and H q,g , in contrast to cross section measurements that involve quadratic dependences. The transverse target-spin asymmetries of exclusive ρ 0 and π + productions can therefore be expected to yield information about these GPDs.
The second moment of the sum of the GPDs H q,g and E q,g can be related to the total angular momenta J q,g carried by quarks and gluons in the nucleon [6] . Through J-dependent parameterizations of the GPD E, the transverse target-spin asymmetry of exclusive ρ 0 production can constrain the total angular momenta J q and, possibly, J g .
DEFINITION OF THE ASYMMETRY
For an unpolarized (U) beam and a transversely (T) polarized target the cross section asymmetry A UT is defined as
where P T is the target polarization with respect to the lepton beam direction and the angles φ and φ s are the azimuthal angles of, respectively, the produced ρ 0 meson and the target spin vector about the virtual photon direction with respect to the lepton scattering plane [7] . The cross section and the asymmetry depend also on the Bjorken scaling variable x B , the squared virtual-photon four-momentum Q 2 and the squared transverse four-momentum transfer t which are omitted here for simplicity. The full expression for the polarized lepton-proton cross section is given in [8] . The amplitudes of the azimuthal modulations of the cross section are written in terms of photoabsorption cross sections or interference terms σ i j mn , where the subscripts m, n = 0, ±1 stand for the polarization states of the photon and the superscripts i, j = ±1/2 for those of the proton. Using this expression, the asymmetry given by eq. (1) can be Fourier decomposed as
The amplitudes of sin-modulations represent various combinations of spin-dependent photoabsorption cross sections and interference terms corresponding to certain virtualphoton helicity transitions [8] . The concept of GPDs can be presently applied to exclusive mesons produced by only longitudinal virtual photons, and in the particular case of ρ 0 production, to longitudinally polarized ρ 0 L mesons produced by longitudinal virtual photons [3] . At leading-twist, only the amplitude A
where ε is the photon polarization parameter, receives a contribution from purely longitudinal photons, while the other amplitudes are expected to be suppressed by at least 1/Q.
The production of ρ 0 L or π + mesons from longitudinal and transverse virtual photons is indistinguishable without a Rosenbluth separation, i.e., measurements at different values of ε for the same values of x B and Q 2 . Thus at HERMES the π + asymmetry cannot be separated into longitudinal and transverse virtual-photon contributions. As for ρ 0 L , under the assumption of s-channel helicity conservation, which implies that a longitudinal vector meson originates from a longitudinal photon, the longitudinal component of the asymmetry is obtained experimentally through the decay angular distribution of ρ 0 → π + π − . Each ρ 0 helicity state results in a characteristic dependence of the γ * p cross-section on the ϑ polar angle of the decay π + in the ρ 0 rest frame [8] :
The azimuthal amplitudes of the asymmetries A
UT (φ , φ s ) for longitudinal and transverse ρ 0 mesons, respectively, are similar to those of eq. (2).
DATA
The data were accumulated with the HERMES forward spectrometer during the running period 2002-2005. The 27.6 GeV positron (electron) beam was scattered off a transversely polarized hydrogen target with an average polarization of 0.72 ± 0.06.
As the recoiling nucleon was not detected, events with exactly one positron (electron) and two oppositely charged hadron tracks were selected separating the exclusive ρ 0 production. Exclusive ρ 0 events were identified by requiring the missing energy ∆E = (
where M x is the missing mass and M p is the proton mass. Due to the experimental resolution and limited acceptance, semi-inclusive pion production can contribute to the exclusive sample. This primary background is well reproduced by the PYTHIA [9] simulation and is estimated to be of the order of 10%.
Exclusive π + production was selected with exactly one lepton and one hadron track in the detector, requiring the squared missing mass M 2 X < 1.2 GeV. The background fraction is found to be of the order of 35 − 55% which is estimated as in [10] where the exclusive π + yield was obtained by subtracting the yield difference N π + − N π − normalized by the integrated luminosity of the PYTHIA Monte Carlo from that of the data:
RESULTS
The azimuthal amplitudes of the transverse target-spin asymmetry are extracted by using the unbinned maximum likelihood method where all the azimuthal moments are fitted simultaneously. At leading twist, the only existing moment is the longitudinal component of the sin(φ − φ s ) azimuthal amplitude of the asymmetry which can be related to the GPDs. At HERMES, the separation of longitudinal and transverse components of the cross section is not feasible. However, the cross section for transversely polarized virtual photons is predicted to be smaller by a factor of 1/Q 2 compared to that for longitudinally polarized virtual photons [11] . The data at larger Q 2 are expected to be dominated by the longitudinal contribution. For exclusive π + production, the six sine azimuthal amplitudes of the asymmetry extracted at average kinematics and as a function of −t , x B or Q 2 are shown in the left panel of Fig. 1 . The error bars represent the statistical uncertainties only. The dominant contributions to the total systematic uncertainty indicated in the bands, are those due to the detector acceptance and finite bin width, background subtraction and correction, and the determination of the target polarization. For the results on the cross section of π + production at HERMES, the contribution of the transverse part of the cross section was estimated [10, 12] to be up to 15 − 25% of the total cross section, confirming the expected suppression of the transverse component of the cross section.
The measured t -dependence of the azimuthal amplitude A
is compared to a model calculation [13, 14] which relates this amplitude to the GPDs E q / H q (see left panel of Fig. 2 ). Within its uncertainty the amplitude A sin(φ −φ s ) UT is consistent with zero, thus being inconsistent with the model predictions which predict a large negative asymmetry. The small overall value of the asymmetry can be an indication for the dominance of the pseudoscalar GPD E q over the pseudovector GPD H q . An unexpected large overall value is observed for the amplitude A sin(φ s ) UT that is associated with the transverse-tolongitudinal virtual-photon helicity transitions in the t-channel [8] and receives contributions from natural and unnatural-parity exchange [15] . The other azimuthal amplitudes are consistent with zero within their experimental uncertainties.
For exclusive ρ 0 production, the asymmetry separated for ρ 0 L and ρ 0 T contributions is extracted using the characteristic dependences of the γ * p cross-section on the polar angle ϑ (see eq. (3)). The sin(φ − φ s ) azimuthal amplitude for longitudinal ρ 0 s is shown in the right panel of Fig. 1 . The sub-panels show from left to right the measured value at average kinematics as well as the Q 2 , x B and t dependences of the asymmetry. For the x B and t dependences, Q 2 is required to be above 1 GeV 2 , while the Q 2 dependence is shown also for Q 2 < 1 GeV 2 (open circle). The upper sub-panels represent the ρ 0 total asymmetries, while the middle and the lower sub-panels represent the separated longitudinal and transverse ρ 0 asymmetries, respectively. The error bars represent the statistical uncertainties only, while the bands indicate the systematic uncertainties due to the target polarization, the background subtraction procedure, as well as the influence of the beam polarization on the final result.
The x B and t dependences of the longitudinal component of the sin(φ − φ s ) azimuthal amplitude, which is related to E q,g /H q,g ∝ (E q + E g )/(H q + H g ), are compared to theoretical calculations [16] (see middle and right panels of Fig. 2 ). In the current model calculations the gluon GPD E g is neglected which is not expected to be large compared to the quark GPDs [17] . No large contribution is expected from sea quarks in the HERMES x B range. The GPD E q is related to the total angular momentum J u and J d carried by u and d quarks. [18] .
